INTRODUCTION
the Alborán Sea is a meeting point that has been used by man since the beginning of the Western civilization. There have been continuous major human interventions, mainly throughout the 20 th century, which, along with other natural processes, have led to the ecological imbalances found today (Rodríguez, 1982; García, 1985; Mas, 1995) . It is because of these ecological differences between its various coastal zones that this sea constitutes an ideal study site for assessing the human effect on bird communities. Nevertheless, up to now most authors who have studied seabird communities in the Alborán Sea have analysed exclusively the composition of only one of its coasts, either the southern coast (Jacob and Courbet, 1980; Berthon and Berthon, 1984) or the northern coast (Carrera, 1988; Paterson, 1997) . Although some studies deal with distribution aspects of seabirds on both coasts (de Juana and Paterson, 1986; Paterson, 1990; Hashmi, 2000) , none of them analyse the ecological differences between their communities.
Due to the lack of such an analysis, we aim to compare the characteristics of the seabird communities at two sites of the southern and northern coasts of the Alborán Sea, Melilla and Adra, during a whole annual cycle. Their differences and affinities will be discussed in relation to the ecological differences of these two areas. Since seabirds are considered as bioindicators of environmental parameters (Monaghan, 1996; Furness and Camphuysen, 1997) , studies like this can provide useful information for detecting ecological discontinuities in the coastal environment.
STUDY AREA AND METHODS
The Alborán Sea located at the western end of the Mediterranean Sea (Fig. 1 ). Within this region there are upwellings off some zones of the Iberian coast, though they are usually absent in the waters of the North African coasts (Rodríguez, 1982; García, 1985) . The study sites were the shores of Melilla and Adra (hereafter, M for the North African coast, 35º21'N, 2º59'W and A for the Iberian coast, 36º44'N, 3º3'W), 160 km apart (Fig. 1) . The littoral stretches of M and A were located respectively on the eastern side of Tres Forcas Cape, Morocco, and the mountains of Contraviesa, Spain. Both coasts have a mountainous relief, broken by small sandy beaches with coastal wetlands or islands in the vicinities, used by seabirds as resting, breeding or feeding places (de Juana et al., 1984; Paracuellos et al., 1994; Charco et al., 1995; Paracuellos and Nevado, 1995) . The continental shelf of the southern coast is approximately twice the width of the shelf of the northern coast (20 km vs. 12 km maximum width respectively, Fig. 1 ). Despite the relative proximity of the two study sites, the existence of a high economic imbalance in the human aspect is great. Around M people have a generally depressed economy, in the process of development, whereas around A local people have larger incomes linked with a higher development than around of M. Hence, alteration and disturbance on the littotal, marine pollution and overfishing are more intensive on the northern coast (Rodríguez, 1982; García, 1985; Lara, 1987; Oliver, 1991; Difusora Internacional, 1993 Mas, 1995; Instituto de Estadística de Andalucía, 1997) .
A weekly census of seabirds at each site was made during an annual cycle, from 6 September 1997 to 30 August 1998, although during the third week of January and the fourth week of August no counts were made at A. The census was carried out on the same day at M and A in 50% of the cases, whereas the delay between counts in both zones was 1 to 2 days for the other 50%. Counts were performed at midday (11:00-16:00 GMT in the winter and 10:00-15:00 GMT in the summer) because of the lower frequency of fishing vessels entering or leaving the nearby ports during that time, which 118 M. PARACUELLOS and D. JEREZ FIG. 1. -Geographical situation of the area and the two study sites (asterisks). Also marked, the 200 m isobath (with broken lines), the main urban nuclei of the littoral (black circles), and the breeding colonies for the most common species at Melilla or Adra (see text), with more than 100 and 1,000 pairs (squares and double squares respectively; according to Jacob and Courbet, 1980; Berthon and Berthon, 1984; de Juana, 1984; Aguilar et al., 1993; Paracuellos and Nevado, 1995; Thibault et al., 1996 ; own data).
could possibly distort the results because of the usual association of flocks of seabirds with fishing vessels . In each census, which was always made from the same point on both
shores, all seabirds in flight or settled on the sea were counted during two hours, trying to avoid duplication. Overall, 104 hours were spent at M, and 100 hours at A. Similar optics (60x magnifying 
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3.6 13.4 5.9 1.6 4.1 6.8 power) and census positions (elevated points at 15-25 m a.s.l., not more than 15 m from the tide line and with an angle of marine visibility of about 180º) were used in both cases. With these counting characteristics, the visual range for identification of the species reached a maximum distance of 2,500 m. Similar counting methods have been used by other authors (Paterson, 1990; van Franeker, 1994) . The total number of species and the specific index of abundance were considered. The values of the index of abundance of the most frequent species (with an average value of >1 individual/hour in whatever locality or season), as well as of guilds of species, were also analysed. Guilds were defined attending to the trophic resources existing in the sea (e.g. fish, shellfish, mollusks, marine algae, nonmarine resources) ( Table 1 ; Snow and Perrins, 1998) . Puffinus shearwaters (either Mediterranean shearwater P. yelkouan or Balearic shearwater P. mauretanicus) (Snow and Perrins, 1998; Hashmi, 2000) , were included as "small shearwaters" (Puffinus sp.) because of the difficulty of identifying them correctly.
A dissimilarity cluster analysis was used for each locality, based on the Complete Linkage algorithm (Jobson, 1992) . This was based on the results of a matrix obtained by comparing the specific similarity through the pairing of all the months of the year using the Czchanovsky index (Margalef, 1974) . Taking into account the non-normality of data, the Spearman correlation coefficient was used to test associations, the Mann-Whitney U-test for the contrast of averages and the G-test for the contrast of frequencies (Siegel and Castellan, 1988; Sokal and Rohlf, 1994) . Data in the text and in the Table 2 are expressed as mean values ± SD.
RESULTS
During the study period we observed 57,914 individuals of 31 species at M and 13,410 individuals of 23 at A. Most birds were non-resident and were observed < 9 months at each site. The average permanence time was similar for both shores of the Alborán Sea (5.4 ± 3.4 and 5.6 ± 4.1 months for M and A respectively; Z = 0.2, P = 0.8; Table 1 ).
Two distinct season intervals were identified at each site, regarding the similarity of species in each month of the year (Fig. 2) . One of the periods included the months from November to March (hereafter the winter period), and the other included the months from May to September (hereafter the summer period). In A both April and October were grouped with the summer months, though in M they were not.
Though species composition was very similar between A and M, some differences were found between the two groups. A number of species on the southern coast were not seen on the northern coast (11 exclusive to M against 3 to A; Table 1 ), some of them mainly distributed in north and west Africa in the western Paleartic, like the royal tern Sterna maxima and the lesser crested tern Sterna bengalensis (de Juana and Paterson, 1986; Snow and Perrins, 1998; Hashmi, 2000) . Only 12 species were frequently recorded ( Table 2) . Of these, the most abundant ones were Cory's shearwater Calonectris diomedea (mainly during their migrations) and the yellowlegged gull Larus cachinnans (all year at M and only in summer at A), as well as the lesser blackbacked gull Larus fuscus (during the winter) (Tables  1 and 2) .
While a positive and significant relationship was found between the specific richness of both coasts throughout the year, there was no relationship regarding overall abundance (Table 2) that similar variations existed during the year between both coasts except for the yellow-legged gull, Audouin's gull Larus audouinii, the lesser crested tern and the little tern Sterna albifrons (Table  2) . Larger values were obtained for the average species richness of seabirds at M during the winter period and also larger general abundance values during the whole year ( Table 2) .
As shown in Figure 3 , when birds were grouped according to ecological affinity, no similarity between the two shores was observed taking into account the proportional contribution of each group to the total abundance of the community (G 1 = 136.0, P < 0.001 and G 1 = 72.9, P < 0.001, for the winter and summer times respectively), owing to a predominance of seabirds essentially linked to the sea when foraging at M (always 50-75% of the total community abundance) and of those which usually preyed upon alternative trophic resources at A (in both seasons >75% of the total community abundance).
DISCUSSION
The similar species composition and monthly fluctuations observed in the seabird communities on the southern and northern shores of the Alborán Sea (for other zones on both margins of the Alborán Sea see also de Juana and Paterson, 1986; Paterson, 1990; Hashmi, 2000) are probably related to the relative proximity of the study sites (Hunt and Schneider, 1987) .
Despite the relative similarity in the structure of both communities, differences found in richness, total abundance and abundance of most frequent SEABIRD COMMUNITIES OF THE ALBORÁN SEA 121 TABLE 2. -Seasonal average values of richness (nº of species/census) and of the temporal index of abundance (nº individuals/hour) for the communities of Melilla and Adra, as well as of the temporal index of abundance (nº individuals/hour) for each of the most frequent species of seabirds separately. The statistical differences between the average seasonal values of Melilla and Adra (Z) are also expressed, as well as the relationships between their annual values of richness and abundance (R). Levels of significance: ***, P < 0.001; **, P < 0.01; *, P < 0.05; n.s.-not significant. N -sample size.
Winter period Summer period Melilla Adra Z Melilla Adra Z R Richness 12.9 ± 2.6 8.8 ± 1.7 4.6 *** 6.2 ± 2.1 5.6 ± 1.6 0.9 n.s. 0.7 *** Abundance 654.9 ± 653.5 206.3 ± 111.5 4.2 *** 312.7 ± 249.2 61.1 ± 47.0 4.1 *** 0.0 n.s.
Calonectris diomedea
330.8 ± 649.3 0.1 ± 0.2 2.3 * 183.0 ± 202.5 2.7 ± 3.1 5.0 *** 0.4 ** Puffinus sp.
28.4 ± 57.7 16.4 ± 24.1 0.6 n.s. 0.3 ± 0.6 1.3 ± 4.5 0.1 n.s. 0.6 *** Morus bassanus 30.0 ± 20.4 15.2 ± 17.6 2.5 * 0.2 ± 0.3 1.2 ± 1.8 2.1 * 0.7 *** Phalacrocorax carbo 2.5 ± 2.5 0.5 ± 0.5 3.1 ** --0.0 n.s. 0.6 *** Larus ridibundus 58.9 ± 50.4 33.9 ± 29.2 1.7 n.s. -Proportional average contribution of the species of each group of ecological affinity to the total abundance of seabirds in winter (Winter period) and in summer (Summer period) periods for Melilla (M) and Adra (A). Within the white area, birds essentially dependent on marine trophic resources; within the black area, birds which usually use alternative trophic resources of a non-marine origin.
species when analysed separately for summer and winter cannot be explained in terms of distance between sites. The larger numbers on the south coast contrasted with the presence of the upwelling phenomenon exclusively in the north, which normally causes greater food availability for seabirds (Hunt and Schneider, 1987; Gil, 1992; Davenport, 1995) . As previously reported (Blaber and Milton, 1994; Garthe, 1997) , the abundance of seabirds during the breeding period is directly related to the distance to the nearest breeding colonies. Hence, differences in abundance for Cory's shearwater, Audouin's gull and yellow-legged gulls between M and A were probably caused by the proximity of important breeding sites of these species at the southern study site. Colonies are mainly on the Chafarinas Islands, approximately 50 km east of M and 180 km south of A ( Fig. 1 ; Aguilar et al., 1993) . The existence of large colonies of seabirds at Chafarinas is probably related to both terrestrial and marine factors. The same factors might also explain the larger winter abundance of the northern gannet Morus bassanus, the great cormorant Phalacrocorax carbo and the sandwich tern Sterna sandvicensis, all nonbreeders in the Alborán Sea (Snow and Perrins, 1998) . A larger continental shelf in the marine area off M (Fig. 1) probably determines a higher prey availability in that area (Hunt and Schneider, 1987) . Moreover, the relative proximity of the Sebkha BouAreg at M, one of the Maghreb wetlands with a greater abundance of great cormorant and sandwich tern during winter (Charco et al., 1995) , probably influenced the higher numbers found for these species in the southern area.
The different results on abundance of seabirds between the Spanish and Moroccan sites were also probably influenced by a human factor. The greater economic development on the north side has brought a much higher disturbance to the environment (Rodríguez, 1982) . The main causes of ecological deterioration that most probably affected seabirds are the following:
• While around A the coast is now very altered because of intensive human action (e.g. high levels of transformation of the landscape, density of autochthonous population and tourism), near M there are large tracts of shore with a much lower human presence ( Fig. 1 ; Lara, 1987; Difusora Internacional, 1993 Sultana, 1993; Instituto de Estadística de Andalucía, 1997) .
• Higher levels of marine pollution have been detected off the northern coasts (Mas, 1995) . Pollution has a negative effect on prey consumed by seabirds and hence an indirect effect on seabirds (Monteiro et al., 1996; Thibault et al., 1996; Furness and Camphuysen, 1997) .
• The heavy fishery exploitation near the Iberian coasts of the Alborán Sea by the Spanish fishing fleet, with one of the greatest fishery productions in the world, has caused overfishing (Camiñas and Martorell, 1991; Oliver, 1991 ; F.J. Rubio, Consejería de Agricultura y Pesca, Junta de Andalucía, pers. comm.). For Morocco, its lower economic development has not allowed a similar exploitation of marine resources. However, the presence of trawling or purse-seine vessels fishing near M is much higher than that near A (own data) because M is a good fishing ground. A higher level of exploitation of marine resources as well as a higher productivity near M probably leads to a higher food availability for seabirds along the southern coast (de Juana, 1984; Anker-Nilssen and Barrett, 1991; Blaber and Milton, 1994; Garthe, 1997; Oro and Ruiz, 1997) .
Differences in the quantitative composition of the seabird communities in the two study areas may have been caused mainly by the asymmetrical availability of food on each side (Witt et al., 1981; González-Solís et al., 1997; Furness and Camphuysen, 1997) . Important populations of seabird species essentially linked to the sea when foraging still exist on the southern coast. A decrease of these species on the northern side is likely to have occurred paralleling environmental deterioration.
